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INVESTIGATION  OF  TRANSITION  OF  LAMINAR  EOUNtABY  LAYER  INTO  TUREULFN^ 

t 

IN  HYPERSONIC  IMPULSE  TUNNEL  IT-301  AT  M = 6-11.5 


E.  V.  Eoshenyatov,  V.  V.  7atolc  ica,  M.  I.  Yaroslavtsev. 


In  an  impulse  tunnel  there  is  conductec  a study  of  the 
phenomenon  of  transition  of  laminar  houndary  layer  into  turbulent  on 
sharp  cones  at  Nach  numlers  8-1.5;  Re  = 2-F«1C7  I/m.  An  optical 
method  cf  determination  of  the  transition  is  proposed,  based  or.  the 
property  of  the  turbulent,  boundary  layer  tc  withstand  without 
separation  more  intense  pressure  jumps  than  the  laminar  boundary 
layer  [1,  2],  Fig.  122  shows  the  relationships  cf  the  separation 
angle  d to  the  time  in  three  different  starts  of  the  tunnel, 
distinguished  from  each  other  by  the  level  cf  Pe  numbers  at  M = 8.8. 
On  the  graphs  of  are  placed  points,  corresponding  to  sharp 

decrease  of  the  separation  angle  3.  It  is  clear  that  sharp  decrease 
cf  p occurs  a { proxi  man  el y dt  the  same  l?ee(V)  = (5-b)»10*  (spread  +- 
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The  Reynolds  numbers  cf  the  t r a r.sitic  r , determined  in  IT- 101  by 
this  method,  agree  (see  Fig.  2)  with  data  (fig.  12 3)  obtained  in 
steady-state  conditions.  Data  cn  the  transitin',  are  compared  taking 
into  account  the  effect  of  single  Reynolds  number.  For  IT-101 
Ren~  0.  3-0.4. 


By  investigations  cn  the  transition  in  IT-301  it  is 
experimentally  proven  that  in  IT-301  there  are  achieved  Re  numbers, 
sufficient  in  order  to  obtain  turbulent  hypersonic  boundary  layer  on 
models  of  medium  diroensicrs  (1  50-300  mm). 

Furthermore,  it  is  shewn  that  the  duration  of  the  operating  mode 
in  IT-301  is  sufficient  for  the  study  of  flew  with  separation  of 
boundary  layer.  In  this  case  flow  around  the  models  also  carrys  a 
quasi-steady  character. 

REFERENCES 

1.  J.  P.  Batham.  An  experimental  study  cf  turbulent  separating  and 
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CALCULATION  OF  FRICTION  AND  HEAT  EXCHANGE  IN  N07ZLES  KITH  TURBULENT 
ECUNCARY  LAYER  DURING  NC N EQ UI L I E" I V M OlTFLCE  CF  PARTIALLY  DI GSOCT  AT  FP 


Ye*  G.  Zdulichnyy. 


During  calculation  of  the  expansion  of  dissociated  air  in 
nozzles  at  high  parameters  cf  stagraticr,  ird  large  vach  numbers  the 
correct  calculation  of  flew  parameters  acquires  much  significance  in 
ccnnection  with  the  non  eg ui 1 ibr i urn  character  of  the  chemical 
reactions  and  oscillatory  relaxation  and  distortion  of  tha  nozzle 
profile  due  to  growth  of  ♦'he  boundary  layer  at  its  walls  [ 1-3  1. 


Fcr  air  in  the  region  cf  temperatures  up  tc  60)0  °K  ard  10 
I0<Po^  1000  atm(abs.)  it  is  sufficient  to  appox  imat.ely  consider  the 
noneguilibrium  character  of  invisccus  flow  in  the  nozzle  by  the 
method  of  "instant  fr*-n?ing",  having  taken  the  dissociation  of  oxygen 
in  this  case  as  the  basic  process  [3,  4], 
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Using  the  Lighthill  rocdel  for  ideally  disscciated  gas  and  the 
assumption  about  isen trcp i c it  y of  flow  taking  into  account  equations 
cf  continuity,  motion,  energy  for  c ne-dimens  ic  n c 1 flow  in  nobles,  i* 
is  possible  to  easily  cfctain  the  condition  cf  search  of  the  "freezing 
section"  and  to  determine  tie  flow  parameters  along  the  length  of  the 
rcz2le 

-VTj 

(0,231  - C3)e  2 / oc  F \ (I) 

C}(UC0Ti  F ^ 

. q o i i/  p v 

Here  <p  = — — ■ . *(■  is  the  parameter  characterizing  the  ratio  of 

speeds  of  recombination  tc  the  speed  of  tne  stay  of  particles  in  t hr 
nozzle,  - speed  of  re  comb i na t i c n cf  cxyger  atoms,  for  several 

reactions  Kx  is  written  as  total,  jj0  - mclecular  weight  of  air, 
X,L  - characteristic  length  of  nozzle,  C,  p,  U - concentration  of 
dissociated  atoms,  their  density  and  speed;  F - area  of  cross  sec* ion 
cf  nozzle;  T - temperature,  £ - "freezing",  - dissociation; 

C.231  - mass  portion  of  oxygen  in  air. 

end  1228 
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